Abstract-Beta-adrenoceptor mechanisms were studied in the isolated guinea-pig taenia caecum.
Adrenoceptors
were classified as a and (9-receptors by Ahlquist (1) . The 8-receptor is generally associated with inhibitory function in various smooth muscles. Stimulation of the 8-receptors in intestinal smooth muscles produces a relaxation (2) . A partial agonist is usually described as a compound with affinity for the receptor, but has an intrinsic activity which lies somewhere between that of a full agonist and that of a antagonist; and the partial agonist is less effective than the full agonist (3) . It is supposed that since occupation of all re ceptors produced a maximum response less than that to the full agonist, any reduction of receptor numbers by a irreversible antagonist causes an immediate reduction of the maxi mum response to the partial agonist, sug gesting there is no spare receptor for the partial agonist. On the other hand, the irreversible antagonist results in a parallel shift in the dose response curve of the full agonist without a reduction of the maximum response, suggesting that the full agonist has spare receptors (4, 5) .
Many beta haloethylamines are widely used as excellent irreversible blockers of a adrenoceptors to study a-adrenoceptor mechanisms (4) (5) (6) . However, it was reported by Takayanagi et al. (7) that the 8 * To whom reprint requests should be addressed .
adrenoceptors in the guinea-pig taenia caecum were irreversibly inactivated by photoaffinity labeling with isoprenaline. Recently, some investigators (8-10) syn thesized irreversible blockers of 3-adre noceptors. Photoaffinity labeling and the newly synthesized irreversible blockers of (3-adrenoceptors are useful to investigate 0 adrenoceptor mechanisms. It was also recently established that activation of (3 adrenoceptors increased the intracellular con centrations of cyclic AMP (11, 12) .
In this paper, the dissociation constants of the test drugs were estimated by photo inactivation of ,3-adrenoceptors, and in order to study mechanisms of the actions of the j3 adrenergic agonist and partial agonist, we tested relationships between the dissociation constants and pD2-values, as an index of agonistic activity (13), obtained from the dose response curves in mechanical re sponses and in changes of the tissue con centrations of cyclic AMP.
Materials and Methods
Mechanical response: Male guinea-pigs weighing 300-350 g were killed by a blow on the head. A piece (3 cm) of the isolated taenia caecum was suspended in a 20 ml organ bath filled with Locke-Ringer solution (NaCI, 154; KCI, 5.6; CaCl2, 2.2; MgC12, 2.1; NaHC03, 5.9; glucose, 2.8 mM) kept at 32'C and bubbled with air. The mechanical responses of the preparations were recorded isotonically. The dose-response curves of test drugs were obtained cumulatively (13), and the relaxation induced by test drugs was expressed as percentage of the amplitude of the maximum relaxation produced by test drugs. In order to test the antagonism between isoprenaline and carteolol, carteolol was added to the bath 5 min before the addition of isoprenaline. Activity of the agonist was expressed as the pD2-value (13). Activity of a competitive antagonist was also expressed as the pA2-value. The pA2 value was calculated from the parallel shift of the curve of the agonist, according to van Rossum (13).
Photoaffinity labeling of the (3-adrenocep tors with isoprenaline: A piece (3 cm) of the isolated guinea-pig taenia caecum was horizontally set in a 10 ml organ bath filled with Locke-Ringer solution, kept at 32°C and bubbled with air. Responses to drugs were recorded isotonically. A Toshiba lamp FL-20E (wavelength: 270-350 nm) was used as a light source, and the preparation was irradiated at 2 cm under the lamp, as reported previously (7) . The dose-response curves of test drugs were obtained cumulatively.
The dissociation constants were calculated by the method of Furchgott (14-16). The following equation was applied to the results: . Two pieces of taenia were removed from one caecum and suspended in two similar 20 ml baths filled with Locke-Ringer solution kept at 32'C and bubbled with air. They were frozen in liquid nitrogen immediately after test drugs were added to the baths for 2 rein (18, 19) . Since the mechanical responses of the preparations were examined in the absence of a phosphodiesterase inhibitor, tissue concen trations of cyclic AMP, which was considered as adenylate cyclase activity, were estimated in the absence of phosphodiesterase inhibitor so as to test under the same conditions. One piece was used for measuring the control level of cyclic AMP and the other for estimating any change of cyclic AMP concentration after treatment with a test drug. The smooth muscles were homogenized with a glass homogenizer in 2 ml of cold trichloroacetic acid (6% w/v) which contained 0.5 pmoles of [3H]-cyclic G M P to estimate the recovery of cyclic AMP. The homogenate was centri fuged at 3,000 x g at O 'C for 15 min, the supernatant was then acidified with 1 N HCI, and the trichloroacetic acid extracted with ether.
The cyclic AMP samples were lyophilized. The lyophilized samples were dissolved with sodium acetate buffer, pH 6.2, and used for the estimation of cyclic AMP and for calculating the recovery (11) . The radioactivity was counted with a liquid scintillation spectrometer (Aloka LSC-900) in 10 ml toluene scintillator that contained 4 g 2,5-diphenyloxazole, 0.1 g 1,4-bis-2-(4 methyl-5-phenyloxazolyl) -benzene, 300 ml methanol and 700 nil toluene.
Protein Figure 2 shows that carteolol (10-9 and 10-8 M) shifted dose dependently the dose-response curve of isoprenaline towards higher doses, and the pA2 value for carteolol (mean±S.E. of 6 experiments) was 9.91 ±0.20.
Photoaffinity labeling: The dose-response curve of isoprenaline was parallelly shifted towards higher doses after the 25 min incubation of the taenia with isoprenaline (6 x 10-6 M) upon irradiation and 2 hr washing with Locke-Ringer solution (Fig. 3A) . This result is in full agreement with the previous report (7) . The decline of the dose-response curves of desisopropylprocaterol and carteolol without a preceding shift was observed after photoinactivation ( Fig. 3B  and 3C ).
Cyclic AMP levels: The pD2 values esti mated from isoprenaline-, desisopropyl procaterol and carteolol-induced increases in cyclic AMP levels were 7.43, 6.97 and 5.96, respectively (Fig. 4) . Carteolol dose dependently shifted the dose-response curve from isoprenaline-induced increases in cyclic AMP levels towards higher doses (Fig. 5) . The pA2 value for carteolol was 9.60, and this value was in agreement with the value obtained from mechanical responses. Figure 6 showed that propranolol (10-') blocked isoprenaline and carteolol-induced increases in cyclic AMP levels. The pD2 values and dissociation constants are summarized in Table 1 . When differences between the pD2 values for isoprenaline, desisopropyl procaterol and carteolol obtained from the to 5 are shown in Table 1 , and these values are in agreement with the pD2 values for isoprenaline, desisopropylprocaterol and carteolol from the increases in cyclic AMP levels ( Table 1 ). The fractions of unoccupied receptors (q) in all the experiments could be identified since there was no significant difference (P>0.05) among the q values obtained with isoprenaline, desisopropyl procaterol and carteolol.
Discussion
Isoprenaline, desisopropylprocaterol and carteolol used in the present study relaxed guinea-pig taenia caecum (21). Carteolol was found to be a typical partial agonist since intrinsic activities were 1.0 for isoprenaline, The dose-response curve of isoprenaline was shifted parallelly towards higher doses after photoaffinity inactivation of 8-adre noceptors, which was based on the fact that a radical generated from catecholamines upon irradiation made a covalent bond with an amino acid residue in the binding site (7, 22, 23) . However, the dose-response curve of carteolol was markedly depressed in the maximum response after irradiation. It is well known that the dose-response curve of an agonist for which there are spare receptors shifts in parallel with the application of an irreversible blocker (4-7). The present results suggest that there are spare receptors for isoprenaline, but few for desisopropyl procaterol and carteolol in the guinea-pig taenia caecum.
The pD2 values obtained from the increases in cyclic AMP levels were in full agreement with the dissociation constants obtained with the photoaffinity labeling experiments. These results suggest that there is a good relation between the activation of adenylate cyclase and the binding activity of test drugs to 19-adrenoceptors.
However, when differences between the pD2 values for isoprenaline, desisopropyl procaterol and carteolol obtained from the mechanical responses and from the increases of cyclic AMP levels were calculated, the differences for isoprenaline was larger than those for desisopropylprocaterol and carteolol. These differences seem to be due to the existence of spare receptors as reported by (Fig. 7) . It can therefore be said that the full agonist which has a high intrinsic activity has large spare receptor populations, but the partial agonist has no spare receptors. 
